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Abstract 
 Thousands of contaminated properties and waste sites in the United States cause 
groundwater pollution. Groundwater remediation systems often rely on electricity generated 
from non-renewable energy, namely burning fossil fuel. The Massachusetts Department of 
Environmental Protection (MassDEP) has been promoting energy efficiency and renewable 
energy sources to reduce greenhouse gas emissions associated with groundwater remediation. 
Our team utilized MA waste site data, MassDEP databases and remedial monitoring reports, a 
site visit, and interviews to determine if green and efficient energy applications are viable in the 
remediation process. Gains in energy efficiency from system component modifications and use 
of solar power can effectively reduce greenhouse gas emissions. 
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Executive Summary 
Thousands of contaminated properties and industrial waste sites in the United States 
cause air, water and soil pollution. Waste sites can negatively impact public health through 
pollution of groundwater, the main source of drinking water for people (Maibach, 2015). Waste 
sites can range from toxin-ridden soil near abandoned chemical facilities to small oil spills at gas 
stations. Most potential groundwater contamination sources include gasoline storage tanks, septic 
systems, landfills, chemicals such as pesticides and fertilizers and other uncontrolled hazardous 
wastes (The Groundwater Foundation, 2018). 
 In 1980, the Environmental Protection Agency (EPA) established the federal superfund 
program, which provides guidelines for classifying the most hazardous waste sites throughout 
the nation, and enables the EPA to identify and hold accountable the parties responsible for the 
contamination (United States Environmental Protection Agency, n.d.). Using this as framework, 
the Commonwealth of Massachusetts created The State Superfund Law which allows the MA 
government to take designated actions (described in the Massachusetts contingency plan) in 
response to any site containing a risk of oil or hazardous material release (The General Court of 
the Commonwealth of Massachusetts, 2018).   
The Massachusetts Department of Environmental Protection regulates and monitors 
cleanup and remediation processes in MA. They have aided in identifying 47,759 hazardous 
waste sites throughout the state. Through their efforts and regulations, hundreds of these sites 
have been successfully remediated, leaving only 200 sites left today.  
A significant program that MassDEP is responsible for monitoring is the Licensed Site 
Professional (LSP) Program. LSPs are the individuals who oversee waste site assessments and 
cleanup processes at specific sites (Sellers, 1998). The LSPs’ role is to direct the assessment, 
characterization, and, to the extent necessary, the cleanup process along with relevant regulations 
and laws.  
Waste site cleanup programs in MA utilize a variety of different remedial technologies in 
order to reduce or eliminate contamination. One of the most common types is the Pump & Treat 
process, which is used to hydraulically remove pollutants to restore aquifers (MassDEP, 2009). 
The Groundwater Remediation (GWR) cleaning method, a specific type of P&T, is commonly 
used to reduce the amount of pollution and environmental damage by cleaning contaminated 
underground water (MassDEP, 2009). GWR systems often implement various approaches to 
treatment, the most common being carbon activation, air stripping, and metals removal (Pump 
and treat technology, 2007). 
The current operation of GWR systems present two key problems that cause an 
environmental paradox. First, GWR systems require electricity, often generated from fossil fuel-
based sources (Massachusetts Department of Environmental Protection, 2012). Significant usage 
of non-renewable energy directly leads to high material consumption and pollution to the 
contaminated sites, such as greenhouse gas emission (Sustainable Materials Management, 2013).  
Secondly, certain GWR systems are vulnerable to power outages caused by severe 
weather that is exacerbated by climate change (Massachusetts Department of Environmental 
Protection, 2012). 
In order to reduce the environmental footprint and vulnerability of these sites, MassDEP 
aims to convince LSPs and Site Managers to consider the usage of energy efficient and 
renewable practices in GWR processes.  
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Project Goal 
Assist MassDEP in promoting greener practices through solar power and energy efficient waste 
site remediation techniques to LSPs and Project Managers in charge of currently contaminated 
locations that utilize GWR systems.  
 
We accomplish this goal by fulfilling the following objectives: 
1) Identified waste sites in MA actively utilizing Groundwater Remediation (GWR) 
Systems, and the sites vulnerable to flooding and storm surge. 
2) Investigated how the GWR systems in the selected sites can be more energy efficient. 
3) Examined the plausibility of using solar power as a renewable energy source for each 
type of GWR system that is investigated in regards to energy efficiency. 
 
Methodology 
We focused on a set of 23 waste sites and determined which sites utilizing GWR systems 
were vulnerable to flooding or storm surge. We cross searched these waste sites with the 
vulnerability and waste site activity data sets by utilizing the Route Tracking Number (RTN) of 
each waste site. Using the Energy & Environmental Affairs Data Portal, we obtained remedial 
monitoring reports which contained information about each bi-yearly checkup for the 23 waste 
sites. From these forms we found out when certain unscheduled shutdowns occurred in waste 
sites due to flooding or storm surge. 
 
To investigate how the current GWR systems can be more energy efficient, we first 
identified the components that are used in these systems. This was done by collecting and 
analyzing Phase IV Remediation Implementation Plans (RIPs), Release Abatement Measure 
(RAM) forms, and Immediate Response Action (IRA) forms for each of the 23 these sites. These 
forms are LSP-provided documents that provide specifications for the engineering designs of 
GWR systems, and the manner in which they were implemented. For sites providing detailed 
component specifications (type, model, make, etc) of system components, we used manufacturer 
websites and other literature to identify newer or more energy efficient models. To further 
investigate energy efficiency, we analyzed various suggestions from the Best Management 
Practices (BMPs) in Standard Guidance of Greener Cleanups (ASTM) provided by MassDEP. 
We identify energy efficiency practices that can potentially be applied to GWR systems, as well 
as practices that can be applied to the remediation process as a whole.  
 
To investigate solar power feasibility, we utilized LSP interviews, the B&M Solar PV 
Feasibility Study, and other online research to identify important considerations for determining 
if solar energy is an appropriate option to power GWR system operations. The interviews 
allowed us to focus on understanding the limitations and constraints that LSPs face with regards 
to energy usage. The B&M study was used to highlight that solar power was a feasible and 
financially beneficial option for that particular Superfund site. Additionally, we conducted 
research through government sources to identify various incentive programs or state funding that 
can be provided to LSPs who decide to adapt their system to a solar-driven power source. The 
programs we identified exemplify the types of financial incentives and benefits that are available 
in the solar power implementation process. 
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Findings  
From the data analysis and research, we generated the following conclusions: 
1. BMPs can help to identify opportunities for potential improvements on GWR systems in 
order to improve energy efficiency, as well as more general opportunities that can be 
applied to the remedial process as a whole.  
 We identified the most applicable BMPs to energy efficiency, listed in Table ES.1. 
Table ES.1: List of applicable Best Management Practices for LSPs (United States 
Environmental Protection Agency, 2017) 
Type of BMP: BMP Description: 
Buildings Install demand-response mechanisms to 
reduce power usage while up-keeping with the 
systems’ needs. 
Materials Introduce a network of piping into the system 
which would allow for increases or decreases 
in the extraction and injection rates for 
treatment. 
Power and Fuel Utilize solar power packs for low-power 
usage devices such as heating and lighting. 
Power and Fuel Install modular renewable energy system for 
small scale systems. 
Power and Fuel Utilize a Combined Heat and Power (CHP) 
system to generate electricity while capturing 
waste heat. 
Power and Fuel Install variable frequency drive motors to 
automatically adjust energy usage in blowers, 
vacuum pumps and aerators. 
Power and Fuel Install amp meters to evaluate energy usage 
options based on consumption rates. 
Power and Fuel Insulate system pipes and equipment to 
increase energy efficiency. 
Power and Fuel Install energy efficient lighting fixtures. 
 
 
 
 v 
 
In further research, we specifically highlighted the BMP regarding variable 
frequency drives (VFDs) to exemplify how BMPs can help to improve the energy 
efficiency in GWR systems. A VFD is a device that is used to control the speed of a 
motor by means of varying the frequency and voltage of its power source (Danfoss, n.d.). 
Installation of VFDs in GWR systems can optimize specific components, particularly 
pumps, to match the energy demand of the system at any time during operation.  
We also highlighted the BMP regarding energy efficient lighting, as a way to 
show that BMPs are available for increasing efficiency in the overall remedial process. 
From the B&M site visit we identified fluorescent and LED lighting as potential 
alternatives in order to optimize lighting electricity consumption in remediation site 
facilities.  
2. Energy efficient pumps and other components are available. Various component 
manufacturers may also provide incentives for energy efficient products. 
 From the B&M site visit we learned that information about new models of 
system components can be acquired by calling system part manufacturers. Furthermore, 
these manufacturers may offer various incentives, such as rebates and discounts, for 
switching to more energy efficient equipment. In addition, new or energy efficient 
models can be found from manufacturer websites and other supporting literature.  
3. GWR system components are specific to each waste site so it may be hard for 
MassDEP to identify and recommend which parts to upgrade. 
Each site utilizes different types, models, and arrangements of components. With 
such variation in the systems and conditions of each site, MassDEP cannot simply 
recommend all sites to switch to a specific component. Recommending component 
upgrades or replacements is not a simple task to accomplish; it involves detailed analysis 
of the specific requirements and needs of each site, as well as the consideration of factors 
like cost and space. We found that it was difficult for our team to evaluate and compare 
different component models because we did not have the technical knowledge and 
expertise needed to assess how energy efficient these parts were.  
4.  GWR system component data is incomplete due to the fact that some LSPs are 
inconsistent in submitting the engineering data that is required by DEP regulations. 
 In our research from the Energy & Environmental Affairs Data Portal, we learned 
that LSPs are either filling out and submitting a Phase IV Report, a Release Abatement 
Measure (RAM) form, or an Immediate Response Action (IRA) form, all of which are 
used by these LSPs to report data and specifications about their respective remedial 
systems. However, from site to site, the data provided was very inconsistent. About half 
of the sites we analyzed included very detailed and exact specifications for various 
pumps, blowers, aerators, and other equipment. However, reports from other sites were 
missing specific data; rather there were only general descriptions of what types of 
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components were installed, or merely statements that a certain part was used. We do not 
know the reasons why some of these reports seemed incomplete. For future MassDEP 
work with these sites, it could be difficult to conduct energy efficiency evaluations with 
only the existing data in the current database. 
5. Renewable energy is applicable to waste sites through state-funded programs that grant 
rebates on solar installations and for upgrading to more energy efficient components. 
We identified 3 programs: 
●  Solar Massachusetts Renewable Target (SMART) Program- analytical 
program created to support solar development in MA; sites can apply to 
get an analysis of solar panel feasibility at their location. 
● DSIRE Program- free and open-source platform that has a collection of 
existing incentives and policies involved with using renewable energy in 
different states  
● RPS Solar Carve-Out Program v1.0 (DOER financial model)- a tool 
developed by Massachusetts Department of Energy Resources (DOER), 
that calculates the savings and costs and can help the user to estimate 
returns from a “optimal” solar project  
 
6.  Solar energy may not be applicable to certain waste sites due to location, time or 
funding restrictions. 
 Solar panel installations may not be an ideal investment for waste sites in smaller 
areas, where the amount of available space to install a viable amount of solar panels is 
limited. One of the main concerns with solar power installations for GWR systems is if 
the investment cost will equal to or less than the energy generated from the panels. 
Another factor is the return on investment. 
The amount of time a waste site will remain 
active is unknown and dependent on each 
waste sites’ contamination level so it would 
not seem viable to invest in solar energy if 
the payback amount is unknown. 
7. Of the 23 waste sites in the dataset, 7 of 
them are vulnerable to flooding or storm 
surge. 
 The waste sites identified as vulnerable to storm 
surge or flooding were determined to be closer to 
bodies of water. This relates to waste sites relying 
on the power grid to operate even during the event 
of a storm surge or flood which can cause systems to remain offline. We cannot conclude that all 
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waste sites near bodies of water are vulnerable or if current waste sites will be considered 
vulnerable in the future.  
Recommendations 
1. MassDEP should utilize available LSP-submitted reports and data from this project to 
further investigate challenges LSPs may encounter with GWR. MassDEP should promote 
BMPs to sites, for both GWR systems specifically as well as the overall remediation 
process to reduce energy use and costs. MassDEP can use the 7 sites we identified to be 
vulnerable as a starting point. 
2. MassDEP should utilize available resources and promote existing programs to 
encourage LSPs to adopt renewable energy and energy efficient methods to LSPs and site 
managers. 
3. MassDEP should consider promoting other renewable energy options for particular 
waste sites with different locations and available spaces. 
 
By utilizing the recommendations and deliverables we have provided, MassDEP can gain 
a better understanding of the considerations that are involved in making GWR systems greener. 
Ultimately, our findings can help MassDEP to achieve the goal of reducing the environmental 
footprints that GWR processes currently are leaving behind. 
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1.0 An Introduction to Waste Site Remediation 
 Thousands of contaminated properties and industrial waste sites in the United States 
cause air, water and soil pollution. Waste sites can negatively impact public health through 
pollution of groundwater, the main source of drinking water for people (Maibach, 2015). Since 
its establishment in 1970, the Environmental Protection Agency (EPA) has emphasized the need 
to identifying waste sites and design remediation methods and plans for the identified sites. In 
1983, in conjunction with the EPA federal program, the Commonwealth of Massachusetts passed 
the State Superfund Law (SSL) which requires landowners to remediate or cleanup hazardous 
waste and toxic materials contaminating their property (Massachusetts Legislature, 2016). 
Furthermore, the Massachusetts Department of Environmental Protection (MassDEP) went on to 
establish waste site remediation techniques to fulfill the requirements set by the SSL (Baruffi, 
2013). This has successfully resulted in the remediation of over 40,000 waste sites in the 
Commonwealth (Mass.gov, 2018). 
 As the Commonwealth continues to develop and improve remediation processes on waste 
sites, one of the largest focuses has been on the Pump & Treatment (P&T) systems. The current 
operation of groundwater remediation (GWR) systems, a common form of P&T, present two key 
problems that cause an environmental paradox.  
The first issue is that GWR systems require electricity generated from consuming non-
renewable energy, namely burning fossil fuel (Massachusetts Department of Environmental 
Protection, 2012). Significant usage of non-renewable energy directly leads to high material 
consumption and pollution to the contaminated sites, such as greenhouse gas emission 
(Sustainable Materials Management, 2013).  
The second issue is that certain GWR systems are vulnerable to severe weather that is 
exacerbated by climate change (Massachusetts Department of Environmental Protection, 2012). 
For example, increasing saturation of water (flooding and storming) in soil will flush heavy 
metals collected from site remediation and expose them to the surrounding ecosystem (Wuana, 
2007). These systems are currently highly reliant on the national grid in order to function, which 
causes them to be less stable during power outages caused by flooding and storm surge 
(Sørensen, 2012). Consequently, contamination breach may occur under such hazardous 
conditions, thus further polluting the surrounding environment. 
To resolve this paradox, various waste site operations across the U.S. are currently 
attempting to apply greener practices. MassDEP is promoting the use of more energy-efficient 
techniques and the implementation of renewable energy into waste site remediation. An onsite 
renewable energy system also has the potential part to protect the remedial systems from power 
outages caused by climate change (Ericson, 2014). The attempts have reached different levels of 
success. For example, one site that has successfully applied more energy-efficient techniques is 
Busy Bee's Laundry in Missouri, where new energy storage devices maximize energy flow 
(United States Environmental Protection Agency, 2016). In Frontier Fertilizer Superfund Site, 
California, the solar arrays had offset 100% of the P&T system's electricity demand (United 
States Environmental Protection Agency, 2016).  
Many sites, however, have yet to implement greener practices in their remediation 
methods due to location or funding, which can be seen with sites such as the Baird & McGuire 
Superfund site in Holbrook, MA. A solar power feasibility study was developed for site in 2012, 
but the plan for installing PV arrays has not yet been executed (ICF Incorporated, 2012).  
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The goal of our project was to assist MassDEP in promoting renewable energy through 
solar power and energy efficient waste site remediation techniques to Licensed site professionals 
(LSPs) and site managers in charge of currently contaminated locations that utilize Groundwater 
Remediation Systems.  LSPs are the individuals who conduct waste site assessments and cleanup 
processes at specific sites (Sellers, 1998). The LSPs’ role is to direct the assessment, 
characterization, and, to the extent necessary, the cleanup process in accordance with relevant 
regulations and laws. 
Based on previous interactions with LSPs, MassDEP had developed the theory that LSPs 
and site managers may be reluctant to invest time and money on solar implementation, especially 
if they do not think that the process will take long enough for the solar panel investment to pay 
itself off (Massachusetts Department of Environmental Protection, 2018). Furthermore, LSPs 
may not be aware of the various options that are available to them in regards to energy efficient 
and renewable solutions for their GWR systems.  
Solar panels have a simple installation process and various financial benefits on for long-
term remediation processes (Sørensen, 2010). Because of this, MassDEP has been pushing for 
LSPs and site managers to utilize solar energy as a means of reducing energy costs and raw 
energy usage on their waste sites. MassDEP aims to identify benefits or incentives that can help 
to convince these LSPs to invest in solar energy. With regards to renewable energy, it also needs 
to be understood which waste sites are capable of utilizing solar panels and solar energy to the 
fullest extent. We achieved the project goal, on the behalf of MassDEP, by drafting case studies 
and recommendations which MassDEP can utilize in their goal of green and efficient waste site 
remediation. 
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2.0 Identification and Remediation of Contaminated Sites 
 Waste Sites are locations that contain a significant amount of hazardous substances in the 
soil, water or air that pose threats to the environment or public health (Massachusetts Legislature, 
2018). Waste Sites can range from toxin-ridden soil near abandoned chemical facilities to small 
oil spills at gas stations. Most potential groundwater contamination sources include gasoline 
storage tanks, septic systems, landfills, chemicals such as pesticides and fertilizers and other 
uncontrolled hazardous wastes (The Groundwater Foundation, 2018). With 50% of people’s 
drinking water coming from groundwater, it can be problematic when soil becomes polluted near 
a water well (The Groundwater Foundation, 2018). The result of drinking contaminated or 
polluted groundwater can result in contracting diseases such as dysentery and hepatitis A (The 
Groundwater Foundation, 2018).  
Since 1984, there have been 47,759 identified waste sites that must be assessed and 
cleaned up in Massachusetts (Mass.gov, 2018). Over the past few decades, MassDEP efforts and 
regulations have helped to successfully remediate hundreds of identified waste sites across the 
state, narrowing down to about 200 waste sites left today. MassDEP has worked with the EPA to 
create these regulations and rules in the waste site remediation process in hopes of achieving 
their goal to remediate these contaminated waste sites as soon as possible. 
2.1 Current Efforts Towards Environmental Remediation in MA 
The EPA identified hazardous waste sites as a large contributor to air and water pollution, 
and in 1980 they established the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), also known as the federal superfund program (United States 
Environmental Protection Agency, n.d.). Using this legislation, the EPA is able to classify the 
most hazardous waste sites throughout the nation, identify the parties responsible for the 
contamination, and ensure that they are held accountable for aiding in the cleanup process 
(United States Environmental Protection Agency, n.d.).  
The Commonwealth of Massachusetts utilized the federal superfund program as a 
framework for its own waste site remediation regulations. The State Superfund Law, also known 
as Chapter 21E, was created to allow the Massachusetts government to take designated actions 
(described in the Massachusetts contingency plan) in response to any site containing a risk of oil 
or hazardous material release (The General Court of the Commonwealth of Massachusetts, 
2018). An amendment to Chapter 21E was created in 1998 with the intention of ensuring cleanup 
effort progress, preserving green spaces, and encouraging land or facility redevelopment 
(Massachusetts Department of Environmental Protection, 2016). The amendment was passed as 
a means of offering both financial incentives and liability relief to landowners of identified sites.  
In addition to the establishment of Chapter 21E, the Massachusetts government had also 
created a handful of programs focused on the development of waste site remediation efforts. One 
of these programs was the Brownfields Act, or Brownfields Liability Relief (Massachusetts 
Department of Environmental Protection, 2017). Put simply, it provides eligible parties with 
limited liability for the contamination if the party meets the clean-up standards specified in the 
State Superfund Law. The program further specifies how to be considered eligible for liability 
relief, particularly for down gradient property owners and tenants Furthermore, it states that 
redevelopment authorities and community development corporations are exempt from this 
accountability measure (Massachusetts Department of Environmental Protection, 2017).  
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Additionally, there are various programs created for specific contaminant types. For 
instance, the Oil Spill Prevention & Response program allows the public to view information 
about various oil spills identified throughout the state, as well as procedures for cleaning them up 
(Mass.gov, n.d.). The USEPA Land Disposal Restrictions program regulates how certain wastes 
are treated and provides guidelines on how to handle contaminated soil (Mass.gov, n.d.). 
Another significant program is the Licensed Site Professional (LSP) Program. LSPs are 
the individuals who regulate waste site assessments and cleanup processes at specific sites 
(Sellers, 1998). The LSPs’ role is to direct the assessment, characterization, and, to the extent 
necessary, the cleanup process along with relevant regulations and laws. Furthermore, LSPs 
work with property owners, operators, and other third parties to foresee and assess waste site 
environmental damage, and are responsible for managing the remediation equipment used at 
their respective sites (Sellers, 1998). Most LSPs are scientists, engineers, or public health 
specialists; each of which brings a unique background and type of expertise to waste site 
remediation management. (What is a Licensed Site Professional, 2018). The LSP program also 
offers significant financial incentives to environmental professionals who have demonstrated 
rapid response to waste site cleanup (Hughto, 1997). Yearly monetary investments are provided 
to LSPs in order to encourage them to optimize current practices in a timely and effective 
manner.  
 In many sites, one or more remediation technologies are evaluated and implemented by 
LSPs to determine the effectiveness of treating the contaminated groundwater. According to 
MassDEP requirements for data submission, LSPs are required to submit various reports 
identifying the methods of remediation and relevant system data used in their respective sites.  
Therefore, LSPs play important roles in determining the success of waste remediation. 
 
2.2 The Pump & Treatment Remedial Process 
Waste site cleanup programs in Massachusetts utilize a variety of different remedial 
technologies in order to reduce or eliminate contamination. One of the most common types of 
remedial technologies is the Pump & Treat (P&T) process. P&T remediation methods are 
typically selected to hydraulically remove contamination in order to restore aquifers (MassDEP, 
2009). Once the contaminant is pumped to the surface, it can then be treated above ground. The 
Groundwater Remediation (GWR) method, a specific type of Pump and Treat (P&T) 
remediation technology, is commonly used to reduce the amount of pollution and environmental 
damage by cleaning contaminated underground water (MassDEP, 2009). 
 
2.2.1 Groundwater Remediation (GRW) System Specifications 
Modern remediation technologies for cleaning up contaminated groundwater fall into two 
categories: ex situ or in situ. Ex situ refers to processes that can be applied above ground. 
Likewise, in situ refers to the processes that operate below ground, typically in soil 
(Massachusetts Department of Environmental Protection, 2013). This project focuses mainly on 
ex situ GWR processes, particularly on systems that rely on groundwater P&T. There are 
typically three different phases involved in the GWR process (Figure 1): 
1.      Extracting the contaminated water from the underground aquifer 
2.      Treating the groundwater by removing the pollutants 
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3.      Converting the pollutants into carbon-like products (Sørensen, 2010). 
Groundwater remediation systems often implement various approaches to treatment, the 
most common approaches being carbon activation, air stripping, and metals removal (Pump and 
treat technology, 2007). 
 
 
 
Figure 1. Groundwater Remediation System Sample (retrieved from: envirosouth.com) 
  
 
2.3 Drawbacks in Current Groundwater Remediation Systems 
There are two major drawbacks to current GWR systems. The first is that they typically 
have high energy consumption rates. Secondly, they produce large amounts of carbon emission, 
resulting in large environmental footprints. 
Operating a GWR system requires a significant amount of energy, mainly electricity, in 
order to power the whole system and keep it running throughout the remediation process. This 
can be seen particularly with GWR (P&T) systems at Superfund sites, which are federal, large-
scale hazardous waste sites located all across the country (United States Environmental 
Protection Agency, n.d.). The EPA estimates that, from 2008 to 2023, the operation of GWR 
(P&T) systems could consume an average of 490,000 MWh annually at these sites (Sørensen, 
2010). Currently there are 1338 Superfund sites in the United States (United States 
Environmental Protection Agency, 2018), so each site uses approximately 366 MWh per year. A 
direct consequence of this high energy consumption is high cost from operating the GWR 
systems. As shown in Figure 2, the operation of GWR (P&T) systems are estimated to cost of 
$52,381,000 annually at all the Superfund sites (Sørensen, 2010).  Figure 2 also portrays other 
common types of remedial technologies regarding estimated annual energy consumption rates 
and the corresponding estimated cost to run each system. 
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Figure 2. Common Cleanup Technologies [retrieved from (Sørensen, 2010)] 
  
High carbon emissions resulting from GWR system operation is a consequence of the 
system’s reliance on grid power. According to the U.S Energy Information Administration, 
natural gas and coal were the largest and the second largest sources for U.S. electricity grid 
power in 2017 (United States Energy Information Administration, 2018). Burning fossil fuels 
such as natural gas or coal to supply national power grids will emit various air pollutants, 
primarily carbon, that are harmful to both the environment and public health (United States 
Environmental Protection Agency, 2018). As most of GWR systems are currently electrically-
based, they depend heavily on the grid as a continuous source of electricity (Sørensen, 2010). 
Ultimately, the high energy demand of GWR systems correspondingly consumes a mass of fossil 
fuel, and consequently creates large environmental footprints that these sites leave.   
Other environmental impacts have possibly resulted from system failures due to 
unexpected climate change. Severe weather-related events, such as flooding and storm surges, 
can crucially impact the operation of power grids, and can potentially cause power loss in 
associated GWR systems (Environmental and Energy Study Institute, 2017). Furthermore, this 
can affect the functionality of various components within these systems that are used to maintain 
effective water control (Sørensen, 2010). If these parts become disrupted or inactivate due to 
power shutdowns, contaminated water may be inadequately captured or insufficiently treated 
(Baruffi, 2013). Consequently, the processes of the remediation can be interrupted during 
extreme weather events, potentially leading to remediation failures (Baruffi, 2013). Ultimately, 
the higher vulnerability of these systems during climate changes downgrades system reliability 
and presents risk to the surrounding communities that utilize the groundwater sources. 
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2.4 Approaches of Overcoming Drawbacks in Current GWR 
Systems 
 MassDEP has proposed two possible approaches to eliminate these drawbacks, the first is 
to improve energy efficiency of certain components of the system so that GWR systems consume 
less energy overall. The second is to promote the usage of renewable energy, namely solar 
power, to reduce the carbon pollution from burning fossil fuel and to minimize potential system 
vulnerability resulting from climate change. 
  
2.4.1 Improving Energy Efficiency in GWR Systems 
Various sites across the country have attempted to optimize overall GWR energy usage 
by upgrading specific system components, particularly for pumping systems (McKinney, 1996). 
For example, in 2004, the Frontier Fertilizer Superfund site in Davis, California had replaced 
their conventional 10-horsepower pump with a pumping system model that was nine-years newer 
(United States Environmental Protection Agency, 2016). This upgrade helped to successfully 
reduced the energy demand of the GWR system by 25%, which ultimately saved Frontier 
Fertilizer $7,000 annually in electricity-related operating costs (United States Environmental 
Protection Agency, 2016). As seen, optimizing the power-consuming parts in GWR systems is a 
potential opportunity for improving overall efficiency.   
 
2.4.2 Using Solar Energy as a Power Alternative 
The principle of waste site remediation is to remove pollutants from the land and to avoid 
secondary pollution emissions and costs (McKinney, 1996). Compared with traditional 
remediation, green remediation considers all environmental effects and attempts to minimize the 
environmental footprints during remedial processes (United States Environmental Protection 
Agency, 2018). With this in mind, implementing renewable energy as a power source is a 
potential option for making remedial systems greener. 
By definition, renewable sources are able to be replenished by naturally occurring 
processes (Renewable sources, n.d.). In contrast, non-renewable sources such as fossil fuels 
require a constant provision of the source, resulting in the emission of pollutants to the 
surrounding environment (Sørensen, 2010). In terms of energy expenditure, renewables may 
potentially be able to reduce the total amount and cost of energy needed to keep GWR systems 
functional.  
Renewable systems can be of various types, such as solar, wind, thermal, hydroelectric, 
etc. Among them, solar energy is expected to be a potential alternative energy source for GWR 
systems for several reasons. First, solar power can be installed on site (MassDEP, 2018). The on-
site installations can eliminate the reliance on power grids, and can furthermore reduce the risk 
of expected power outages caused by climate change (MassDEP, 2018). Second, solar power 
installations can also be incentivized by the state government rebate programs or policies, as 
evident in California government programs (Sørensen, 2010). Consideration of solar power as an 
energy alternative has proven to be successful in past waste site analyses. For instance, a 
photovoltaic (PV) array was installed on the roof of a building used for ex situ groundwater 
treatment in the Frontier Fertilizer Superfund Site in Davis, California (United States 
Environmental Protection Agency, 2016). With the recent expansion of PV array funding 
provided by the government, one hundred percent of the Frontier Fertilizer system energy 
demand was covered by the solar power in a time span of three years (United States 
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Environmental Protection Agency, 2016). With no electricity usage from traditional national 
power grid, solar power proved to be a viable and sustainable replacement at this particular site. 
2.5 Promotion of Greener Cleanup 
Currently, MassDEP aims to promote the optimization of remediation techniques, with a 
specific focus on reducing the environmental footprint that such processes leave behind. To 
improve the sustainability of GWR systems and to minimize overall carbon emissions, MassDEP 
wants to convince LSPs of replacing fossil fuel with alternative energy, specifically solar power. 
In addition, MassDEP is prioritizing the waste sites that are most susceptible to flooding and 
storm surges, which helps to identify which sites may be more vulnerable to system shutdowns. 
The hope is that LSPs will be convinced to increase the resiliency of their current remediation 
processes during more extreme, naturally-occurring events.   
However, MassDEP has theorized that there is a major barrier to the move towards 
greener remediation: LSPs have may be reluctant to adopt newer methods because of the cost, 
time, and space that the processes would entail. Also, some LSPs may not be fully aware of the 
various options that exist for effectively making their systems energy efficient or renewable. 
Currently MassDEP cannot force these individuals to make these changes, because the existing 
legislation does not require all sites to adopt the most energy efficient systems, nor does it state 
that solar power or other forms of renewable energy should be implemented (The General Court 
of the Commonwealth of Massachusetts, 2018).      
So to solve this issue, MassDEP has expressed the need to find effective ways of 
convincing LSPs to use more efficient practices for waste site remediation. The first step in 
doing so is to ensure that LSPs are informed of all of greener options that are available and 
applicable for their sites. Since these LSPs are the people actively developing and operating the 
remediative equipment used in cleanup processes, it is vital that they understand how to optimize 
these systems to achieve a more positive environmental impact. Secondly, MassDEP hopes to 
identify incentives that can be offered to these LSPs so they’d be more willing to consider more 
energy efficient modifications. 
MassDEP currently has an extensive collection of LSP-submitted reports that provide 
designs and specifications of many remedial systems all across the state. According to our 
sponsor, however, a lot of this data is not currently being reviewed by MassDEP for 
investigations on site energy usage. Furthermore, they do not have a structured deliverable that 
can be used to inform LSPs of the options available for changing their remediative practices.  
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3.0 Methods for Identifying Renewable Energy & Energy Efficient 
Applications in Waste Site Remediation 
The goal of this project was to assist MassDEP in promoting renewable energy through 
solar power and energy efficient waste site remediation techniques to LSPs and Project 
Managers in charge of currently contaminated locations that utilize Groundwater Remediation 
Systems. We accomplished this fulfilling the following objectives: 
 
1) Identified waste sites in MA actively utilizing Groundwater Remediation (GWR) 
Systems, and the sites that are vulnerable to flooding and storm surge. 
2) Investigated how the GWR systems in the selected sites can be more energy efficient. 
3) Examined the plausibility of using solar power as a renewable energy source for each 
type of GWR system that is investigated in regards to energy efficiency. 
 
3.1 Identified Waste Sites Vulnerable to Flooding & Storm Surge 
MassDEP supplied us with datasets about waste site vulnerability and active GWR 
systems on waste sites. These datasets highlighted which waste sites active in Massachusetts 
were actively running GWR systems or were vulnerable to flooding or storm surge. We were 
then suggested to focus on a specific list of 23 waste sites and determine which sites that utilized 
GWR systems were vulnerable to flooding or storm surge. We cross searched these waste sites 
with the vulnerability and waste site activity datasets by utilizing the Route Tracking Number 
(RTN) labeled with each waste site. When the RTNs matched up on the datasets, we were able to 
conclude which sites are vulnerable to flooding and storm surge. With accessibility to the RTN 
of each waste site and the Energy & Environmental Affairs Data Portal, we were able to obtain 
remedial monitoring reports which contained information about each bi-yearly checkup on waste 
sites. We then utilized these forms to find out when certain unscheduled shutdowns occurred on 
waste sites due to flooding or storm surge. We were then able to prioritize which vulnerable 
waste sites based on the number of unscheduled shutdowns due to flooding or storm surge 
recorded in the remedial monitoring reports (see Appendix E). This allowed us to decide which 
of these sites could be used as case studies for the final deliverable or could benefit the most 
from renewable energy and energy efficient applications. 
 
3.2 Investigated Energy Efficient Applications 
Adopting more energy-efficient approaches in current GWR systems is the key to 
reducing energy consumption and secondary pollutant in each waste site. From background 
research, we learned that GWR systems are composed of multiple components; mainly pumps, 
blowers, aerators, and energy regulators. To investigate how the current GWR systems can be 
more energy efficient, we first collected and studied relevant materials that elaborate what the 
components of the systems are and how they work. Based on technical information, we then 
investigated better optimizations or substitutes for system parts. 
To have a better understanding of current active remedial systems from the waste sites 
that are narrowed down from the previous object, we collected the Phase IV reports along with 
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the Remediation Implementation Plans (RIPs) of these sites. In each RIP, MassDEP requires all 
sites that are in Phase IV remediation to record their engineering designs and construction plans. 
We accessed the documents from the Energy & Environmental Affairs Data Portal, and 
organized the documents in google drive for future use. 
The next step was to identify the different components in the given GWR system from 
each RIP. In some reports we found either a list of components or schematics of the systems, 
which we recorded on our GWR system component spreadsheet (see Appendix G). With the 
system components information available, we searched for possible substitutes that are more 
energy-efficient than these components. We utilized the manufacturers` website, the authority of 
information about all similar components specs, to identify whether there is a more up-to-date 
model and components that adopts more efficient techniques.  
However, a part of the RIPs we were investigating did not give specific information 
about some of the components in the GWR systems. For these situations, we looked into the 
suggestions from Best Management Practices (BMPs) in Standard Guidance of Greener 
Cleanups provided by MassDEP. The BMPs are the official suggestions from MassDEP that help 
LSP better improve different types of remedial systems. We utilized the BMPs that are related to 
improving energy-efficient as general suggestions to these GWR systems. 
 
3.3 Identified Renewable Energy Applications through Solar Energy 
Through the completion of this research, we demonstrated that solar-driven power 
sources can be used to reduce non-renewable energy consumption and potentially improve the 
stability of GWR systems during climate change. To accomplish this task, we identified the 
incentives of using solar power to run these systems and possible concerns involved in solar 
power implementation.  
We first conducted a case study analysis on using solar power in GWR processes. Solar 
energy has already proven to be a viable alternative for a handful of other waste sites in the past. 
In particular, we examined the Baird & McGuire Solar PV Feasibility Study. Baird & McGuire 
is a MA superfund site utilizing a very large scale GWR system to remove groundwater 
contaminants such as arsenic. By reviewing this study, our team identified specific, methods, 
incentives, and concerns used for B&M that can be useful for other LSPs looking to incorporate 
renewable energy into their own sites. 
We utilized LSP interviews, the B&M Solar PV Feasibility Study to identify important 
considerations for determining if solar energy is an appropriate option to power GWR system 
operations. We conducted research through government sources to identify any incentive 
programs or assistive tools that could be provided to LSPs who decide to adapt their system to a 
solar-driven power source. Furthermore, we collected materials that support or promote solar 
energy usage within site remediation processes, specifically in GWR systems. 
 Initially we had planned to utilize LSP interviews to gain additional understanding of the 
incentives or barriers that these individuals have with regard to adopting greener GWR methods. 
Furthermore, we intended to understand the level of interest LSPs may have with regards to the 
various energy efficient and renewable opportunities identified in our project. However, due to 
the limited availability of LSPs, we were not able to conduct any interview that could do this. 
We were only able to conduct one interview with an LSP, through which we discovered that the 
individual’s site did not even have an active GWR system.  
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4.0 Renewable Energy and Energy Efficiency Application 
Opportunities 
MassDEP provided us with information about 23 waste sites in Massachusetts that have 
active GWR systems. Through research, we investigated the GWR systems to identify more 
energy-efficient solutions. From analyzing online sources, we reviewed available resources that 
could potentially help LSPs to adopt renewable or more efficient solutions. After gathering the 
information collected from the remedy implementation plan reports, remedial monitoring reports, 
and the Baird & McGuire Superfund site visit, we developed the following findings with regards 
to the possibility of promoting renewable energy and energy efficient changes to GWR 
processes. 
 
4.1 Potential Opportunities to Increase Energy Efficiency in Current GWR 
Systems 
Finding 1: BMPs can help to identify opportunities for potential energy efficient 
improvements in GWR systems specifically, as well as opportunities to improve overall 
efficiency in the remediation process as a whole.  
Best Management Practices for LSPs and Site Managers 
MassDEP supplied us with a spreadsheet of Best Management Practices (BMPs) created 
by the EPA to help site managers and LSPs make energy efficient and financially beneficial 
changes to their assigned waste site. From this spreadsheet, our team selected specific BMPs 
based on the applicability to small-scale waste sites and the financial benefits that resulting from 
GWR system changes. The BMPs we identified are listed in Table 1. 
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Table 1: List of applicable Best Management Practices for LSPs (United States Environmental 
Protection Agency, 2017) 
 
Type of BMP: BMP Description: 
Buildings Install demand-response mechanisms to reduce power 
usage while up keeping with the systems’ needs. 
Materials Introduce a network of piping into the system which 
would allow for increases or decreases in the extraction 
and injection rates for treatment. 
Power and Fuel Utilize solar power packs for low-power usage devices 
such as heating and lighting. 
Power and Fuel Install modular renewable energy system for small 
scale systems. 
Power and Fuel Utilize a Combined Heat and Power (CHP) system to 
generate electricity while capturing waste heat. 
Power and Fuel Install variable frequency drive motors to automatically 
adjust energy usage in blowers, vacuum pumps and 
aerators. 
Power and Fuel Install amp meters to evaluate energy usage options 
based on consumption rates. 
Power and Fuel Insulate system pipes and equipment to increase energy 
efficiency. 
Power and Fuel Install energy efficient lighting fixtures. 
 
These BMPs are general yet possible methods for LSPs to apply at their own sites in 
order to reduce the potential amount of time and energy involved in the remediation process. 
Even though some of these BMPs may only be applicable to certain waste sites, MassDEP can 
utilize these to incentivize LSPs and site managers to adapt their remediation systems to be more 
energy efficient.  
Installing Variable Frequency Drives  
In further research conducted, we specifically highlighted the BMP regarding variable 
frequency drives to show that there are certain BMPs that LSPs can potentially utilize in order to 
make their GWR systems more efficient. 
A variable frequency drive (VFD) is a device that is used to control the speed of a motor 
by means of varying the frequency and voltage of its power source (Danfoss, n.d.). When VFDs 
are wired to a motor, they are automatically able to adjust the speed at which the motor is 
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running, dependent upon the fluctuation of the equipment’s energy requirement. This means that 
VFDs can manipulate the frequency coming from the power source so that it can match the 
minimum energy requirement needed for the given system to run. In contrast, typical motors 
without a VFD run at a constant, full speed for the whole time of operation (Danfoss, n.d.). This 
results in a lot of wasted energy, as these motors cannot accommodate for a changing energy 
demand of a system. In this way, using a VFD optimizes the rate at which energy in the motor is 
used.  
As seen in the data collected from waste site Phase IV reports (Appendix G), a lot of the 
equipment components utilized in groundwater remediation systems are electrically driven, 
involving the usage of motors to run various pumps, blowers, fans, etc. Through the installation 
of VFDs in GWR systems, these components can be optimized to consume the minimum amount 
of energy needed at any time during operation. An example of this energy efficient tactic can be 
observed in the Baird & McGuire (B&M) Superfund Site in Holbrook, MA. On September 20, 
2018, our team attended a site visit at B&M where we were shown how the B&M GWR system 
functioned and the various components that contributed to the remediation process. One of their 
most effective efficiency tactics was the implementation of VFDs in throughout the GWR 
system. In 2008, VFDs were installed for the system’s extraction well pumps, bio-clarifier 
pumps, influent pumps, and filter press feed pumps used in the groundwater remediation system 
at the site (ICF Incorporated, 2012). During the B&M site visit, we learned that the site operators 
were able significantly reduce energy consumption in these pumps by installing VFDs. Initially, 
all of these pumps were fed directly by the national grid. The grid uses the United States utility 
frequency standard, which is 60 hz. However, B&M was successfully able to use VFDs to reduce 
pump energy consumption to an average of around 40 hz, which was the minimum required 
frequency these pumps were able to operate on.     
 
Adopting More Energy-Efficient Lighting 
 We conducted additional research on the BMP regarding energy efficient lighting fixtures 
to demonstrate that BMPs are not limited to the optimization of just the GWR systems 
themselves; rather, there are BMPs available that can potentially optimize overall energy usage 
in the remediation processes as a whole. 
 Lighting fixtures are not components of GWR systems themselves. Instead, they are most 
often used in site remediation facilities as a basic utility. So lighting plays no role in the amount 
of energy that a GWR system consumes, but it does contribute to a given facility’s total energy 
usage. Therefore, adopting more efficient lighting is a possible way for LSPs to reduce energy 
consumption in their process as a whole.   
Our team was able to identify this BMP in action during the B&M site visit. In 2008, 
more efficient fluorescent lighting fixtures were installed for the whole GWR facility (ICF 
Incorporated, 2012). According to Mr. Hurley, a MassDEP employee responsible for overseeing 
plant operation and maintenance, the new lighting installed was the most efficient form of 
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lighting at the time, as fluorescents produce a lot less heat than the incandescent light bulbs used 
previously. Since 2008, LED lighting has currently proven to be the most efficient source, and 
B&M plans to upgrade to LEDs if they do not notice any significant further savings from their 
current lighting installation. He further went on to explain that lighting is generally the first step 
site managers and LSPs should take when considering total optimization of the plant.  
With these benefits in mind, our team conducted research on the kinds of programs that 
exist through which LSPs can potentially utilize for efficient lighting installation. We identified 
Mass Save as one such program. MassSave is a Massachusetts government agency that 
collaborates with utility service providers such as electric utilities to install energy efficient 
system upgrades with the aid of different rebates and incentives (Masssave.com, 2018) A 
particular service that Mass Save provides is the Performance Lighting Program, Mass Save 
partnered with the National Grid and Eversource to offer both technical and financial guidance 
with installation of efficient lighting. This can include examining the feasibility of upgrading 
existing lighting and suggesting new lighting designs, and analysis of the returns from replacing 
the less energy-efficient lighting equipment (Masssave.com, 2018). The Performance Lighting 
Program offers potential monetary incentives, such as rebates, to those LSPs that do consider 
upgrading to more energy efficient lighting. (Mass Save, n.d.).  
Finding 2: Energy efficient pumps and other components are available. Various component 
manufacturers may also provide incentives for energy efficient products.   
Before we conducted research of efficient pump availability, we first had to get an 
understanding of the age of the components utilized at the 23 sites in our universe. We found 
that, due to incomplete data in the Remedy Implementation Plan reports (described in Finding 4), 
it was difficult for our team to determine exactly how old each component was, and whether or 
not a newer model was actually available.  
Therefore, we were only able to make the assumption that these components were older 
models based on Phase IV submission dates. From the LSP report analysis, we observed that all 
23 of the Phase IV reports were submitted in 2008 or earlier. Furthermore, 16 of those 23 were 
submitted in the early 2000’s. Since these reports are submitted by LSPs following the 
completion of the GWR system installation, our team assumed that the components in these sites 
were installed around the same time frame, which meant that all of these components for each 
site are at least 10 years old or older. We used this assumption to establish a reference point for 
understanding the age of more energy efficient components found from our online research.   
From the analysis of the LSP reports, we found only one case where a newer model was 
able to be identified. A particular example from our findings is the model NPE centrifugal pump 
manufactured by Gould’s Pumps, Inc., which was implemented in the site of RTN 3-001331. 
From research collected online, our team found out that the NPE is an older model of centrifugal 
pump. However, Goulds had since then released a newer model of the NPE (Goulds Water 
Technology, n.d.). The newer model was similar to the one used in 3-001331, but upgrading to a 
newer pump could allow the site to improve overall pump efficiency, as an older pump has a 
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decreased efficiency rating particularly noticeable in pumps over 10 years old (NSW Farmers 
Association, n.d.). However, because every site is different (refer to Finding 3), it cannot be 
concluded that upgrading to a newer model will have a beneficial payback period for every site.   
 
Contacting Manufacturers   
According to Mr. Hurley, information about new models of a system components can be 
acquired by calling system part manufacturers, who are responsible for offering new models of 
their products if applicable. So LSPs can also possibly learn about the more efficient models by 
communicating with the producers. Communication with these manufacturers can aid in helping 
LSPs to replace older model pumps with the newest model, as to renew the efficiency of a given 
machine. The B&M team explained to us that not only were they informed of newer model 
pumps, they were also given incentives by the manufacturers themselves for upgrading. In 
particular, there was a set of centrifugal pumps in the B&M treatment facility that were recently 
upgraded to a more efficient model, which would incorporate the use of VFDs. Mr. Hurley 
explained that because the B&M team had planned to reduce energy usage with VFDs, the pump 
manufacturer actually offered a discount of about $6,000 for these pumps (originally about 
$10,000).    
Case Study: Redi-Flo Submersible Pumps 
From our research, we determined that an example of a highly energy efficient 
component is the Grundfos Redi-Flo Series. Redi-Flo is a collection of various different models 
of submersible pumps produced by Grundfos, a popular pump manufacturer recognized for 
advanced and sustainable pump solutions (Grundfos, n.d.). Several sites in our database have 
already utilized Grundfos pumps for their respective subversive applications, such as RTN 2-
0000815. As evident in this sites’ Phase IV report, the Grundfos Redi-Flo 2” submersible pump 
was implemented in the sites’ GWR system. The Redi-Flo 2” model is designed specifically for 
monitoring groundwater; It’s built for a 2” diameter well, meaning that it’s used primarily for 
pumping smaller samples of groundwater (Cuvo Pumping Solutions, Inc., n.d.). What makes the 
Redi-Flo 2” so efficient is that it incorporates a variable frequency drive (VFD), which allows 
the pump to adapt to different pumping rates. This makes this pump model flexible for various 
pumping applications, but also it is able to conserve energy usage based on groundwater flow 
demand. Other sites we analyzed, such as RTN 3-0026407 and RTN 3-001331, are utilizing the 
Grundfos Redi-Flo 4” submersible pump. Similar to Redi-Flo 2”, this model also incorporates a 
VFD to increase energy usage efficiency (Geotech, 2014). However, for the sites mentioned 
above, it was unclear of how old these pumping systems were. This is due to the fact that the 
Phase IV reports provided for the respective sites did not provide adequate information in 
regards to how long ago the pump had been installed in the GWR system. Overall, the successful 
implementation of VFDs in Grundfos Redi-Flo pumps is a one of the examples of adopting more 
energy-efficient solutions to the GWR systems components. 
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4.2 Barriers to Energy Efficiency Optimization  
Finding 3: GWR system components are specific to each waste site so it may be hard for 
MassDEP to identify and recommend which parts to upgrade. 
Due to each site having a different design for its GWR system, it is difficult for MassDEP 
to make generalized recommendations to replace specific components or upgrade to newer 
models. Each site utilizes different types, models, and arrangements of components, so it is not 
logical to conclude that all sites are using older and less-efficient parts in their systems. In fact, 
our team had found several instances where a handful among the 23 sites already had efficient 
pumps installed. 
Recommending component upgrades or replacements is not a simple task to accomplish; 
it involves detailed analysis of the specific requirements and needs of each site, as well as the 
consideration of factors like cost and space. It was difficult for our team to evaluate and compare 
different component models because we did not have the technical knowledge and expertise 
needed to assess how energy efficient these parts were.  
 
Finding 4: GWR system component data is incomplete due to the fact that some LSPs are 
inconsistent in submitting the engineering data that is required by DEP regulations. 
 A limitation that our team encountered in regards to GWR system component analysis 
was the inconsistency of the data provided in the Massachusetts database. In our research from 
the Energy & Environmental Affairs Data Portal, we learned that LSPs are either filling out and 
submitting a Phase IV Report, a Release Abatement Measure (RAM) form, or an Immediate 
Response Action (IRA) form. According to our sponsor, all three forms are supposed to cover 
similar information in regards to the layout of the remediation system and the process of 
implementing it; the information provided should adhere to the guidelines set forth for LSPs by 
MassDEP. However, from looking at the LSP remediation reports collected, we found that 3 out 
of the total 23 sites included no information of any kind for the components used. Furthermore, 6 
of the 23 sites included very general or minimal information, only stating the kind of component 
that was used (ex: “submersible pump”, “air stripper blower”, etc.). Additionally, 11 of the sites 
had mixed specifications, where they would provide the models or manufacturers of only some 
components and for the rest would only state the kind of component. Only 3 of the 23 sites 
included specific component models and manufacturers of every component that was provided 
(To see the specifics of this data, refer to Appendix G). In our analysis, we considered “good 
data” to be any type of schematic or list of manufacturer specifications that identified the model 
and manufacturer of each system component. It is evident that most reports had incomplete 
component specifications, or were inconsistent in which components were identified. We do not 
know the reasons why some of these reports seemed incomplete.  
For future MassDEP work with these sites, it could be difficult to conduct energy 
efficiency evaluations with only the existing data in the current database. 
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4.3 Opportunities for Solar Energy Applications 
Due to the problems involved with data consistency and varying GWR system designs, 
the promotion and identification of energy usage optimizations was limited. Therefore, we also 
consider renewable energy usage in GWR processes as an option for further reducing energy 
consumption and cost, and ultimately minimizing overall greenhouse gas emissions. We focused 
on identifying various incentives that will convince LSPs to consider adapting a system to a 
renewable energy source.  
Finding 5: Renewable energy is available to waste sites through state-funded programs that 
grant rebates on solar installations and for upgrading to more energy efficient components. 
 We determined that there are existing state-funded programs that provide incentives and 
rebates for businesses to utilize renewable energy installations and upgrade any system 
components to more energy efficient models. 
Solar Massachusetts Renewable Target (SMART) Program 
Not only is it possible to utilize renewables through solar power to reduce energy usage, 
there are also potential ways to estimate or reduce overall installation cost. We determined that 
there are multiple in-state programs set up to financially assist in applying renewable energy and 
energy efficient changes to businesses utilizing a large amount of energy. One such program is 
the Solar Massachusetts Renewable Target (SMART) Program, which is a program in affiliation 
with Eversource, National Grid, and Unitil that was created to support solar development in 
Massachusetts (Mass.gov, 2018). Businesses can apply to have their location analyzed to 
determine if solar panel installation is viable for their own sites. These analyses can also provide 
site managers with estimations of the money saved based on accumulated solar energy from the 
panels and the site-specific parameters (masmartsolar.com, 2018). This can be beneficial for 
waste sites that currently are reliant on the power grid and meet the requirements for solar 
installation. Figure 3 shows the application process for the SMART program and which options 
are available for businesses looking to reduce energy consumption and corresponding costs. 
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Figure 3: How to participate in the SMART solar program (Retrieved from  masmartsolar.com, 2018). 
 
Financial Models for Solar Feasibility Studies 
 According to MassDEP, the financial uncertainties in investing onsite solar panels is a 
barrier to the implementation of on-site solar power systems in waste sites.  Under this situation, 
financial models for estimating the return of investment (ROI) can potential vary LSPs minds to 
use solar energy as the power source. A solar feasibility study had been successfully conducted 
on Baird & McGuire Superfund Site. In the study, Solar Photovoltaic Project Simple Financial 
Model (RPS Solar Carve-Out Program v1.0) is used as a tool that calculate the saves and costs. 
RPS Solar Carve-Out Program, designed and released by Massachusetts Department of Energy 
Resources (DOER), is a free online program that can help the user to estimate returns from a 
“optimal” solar project (Baird & McGuire). As shown in the Figure 4, the model shows the 
assumptions on financial incentives, including the cost, tax, rebate, savings, and financing. The 
Figure 4 is a screenshot of the software user interface that includes the entries in the model and 
some sample results. LSPs can use this financial model to calculate the saves and costs, similar 
to the the B&M solar feasibility study, to assess the benefits of adopting solar power in the GWR 
systems. 
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Figure 4: Example outcome generated from the DOER financial model (Retrieved from scribd.com) 
 
From online research, we found that there are other models that can also be used to do 
financial estimations for LSPs. Specifically, we identified the Simple Project Viability 
Evaluation Model, and the Solar Energy Financial Model. These two financial models are similar 
to the DOER financial model and provide entry-level analysis and assumptions of the financial 
feasibility at the given constraints. This can be helpful for people who do not have the technical 
knowledge or expertise needed to do their own feasibility analyses. 
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DSIRE Program  
 
Figure 5: DSIRE Map that shows renewable energy programs by states (Retrieved from dsireusa.org) 
 
The DSIRE program is a free and open-source platform that has a collection of existing 
incentives and policies involved with using renewable energy in different states (North Carolina 
Clean Energy Technology Center, 1995). Currently, there are 101 different policies and 
incentives in Massachusetts, as shown in Figure 5. 
The program continually maintains its collection so that the policies and incentives are 
updated, informative, and organized. The latest profile of the program was created in 2018. For 
each program or policy profile, the platform records basic information about policies, 
specifications of incentives, and summaries. All programs or policies are documented by type, 
and the built-in search engine allows users to apply filters to search results.  
These policies and incentive programs can potentially be useful references for LSPs. By 
using the platform to get relevant program information, LSPs can become more knowledgeable 
of the current benefits of using renewable energy, such as solar power.  
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4.4 Barriers to Using Solar Power 
Finding 6: Solar energy may not be applicable to certain waste sites due to location, return 
on investment, or time till remediation. 
Due to different characteristics of the sites, we determined that solar panel installations 
would not be an ideal investment for waste sites in smaller areas. One of the main concerns with 
solar power installations for GWR systems is if the investment cost will equal to or less than the 
energy generated from the panels. With most of the 23 waste sites we analyzed being located 
near gas stations or convenience stores, the 
amount of available space to install a viable 
amount of solar panels is limited.  
Figure 6 showcases an active waste site at 
a Global Petroleum gas station in Massachusetts. 
Although it is possible to install solar panels on 
the roof of the gas station, the amount of energy 
the panels would produce in that amount of 
space is insignificant compared to the amount 
required to run the site remediation systems. 
There would need to be a greater amount of 
space available for a solar panel installation to 
have a viable impact on the raw energy usage. 
Despite a shortage of available space, 
there are other concerns with solar energy being 
applied to waste sites. One prominent issue is the amount of time that is required to obtain an 
ideal return of investment (ROI) in a solar panel installation. The amount of time a waste site 
will remain active is unknown and dependent on each waste sites’ contamination level so it 
would not seem viable to invest in solar energy if the payback amount is unknown. In an 
interview with Dorothy Allen, a MassDEP agency member who was responsible for the 
remediation management at the Baird & McGuire Superfund Site, we learned that the short time 
period of the site remediation process is one of the major barriers in adopting solar energy 
systems on waste sites for LSPs. If the pay back from the investment of a solar panel installation 
is within a 7 to 10-year period, then the return of investment (ROI) will gradually increase as the 
time gets longer. This idea is supported by the case study from the Baird & McGuire Financial 
Model (B&M Feasibility Study). 
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4.5 Waste Site Vulnerability 
Finding 7: 7 of the 23 waste sites are vulnerable to flooding or storm surge. 
MassDEP supplied a dataset of 23 
waste sites containing different remedial 
monitoring reports (BWSC108 forms) with 
key submission dates for us to focus on. After 
gathering and analyzing the forms for the 23 
waste sites, along with cross referencing the 
route tracking numbers (RTNs) between the 
datasets, we found that 7 of the 23 waste sites 
are vulnerable to flooding or storm surge. 
Figure 7 showcases the 23 waste sites and 7 
vulnerable waste sites identified on a map of 
the Commonwealth of Massachusetts. The 
waste sites identified as vulnerable to storm 
surge or flooding were determined to be closer to bodies of water. This relates to waste sites 
relying on the power grid to operate even during the event of a storm surge or flood which can 
cause systems to remain offline. We cannot agree that all waste sites near bodies of water are 
vulnerable or if current waste sites will be considered vulnerable in the future.  
The remedial monitoring reports showcased information about unscheduled shutdowns 
that occurred and how long they lasted. From this information, we determined that vulnerable 
waste sites experience more unscheduled shutdowns due to flooding or storm surge than waste 
sites that are not considered viable. It was determined that waste sites that experienced a certain 
threshold of unscheduled shutdowns, due to flooding and storm surge, for a certain amount of 
days were deemed vulnerable. Figures 8 and 9 showcase two different waste sites that 
experienced unscheduled shutdowns due to storm surge. According to the MassDEP database, 
Figure 8 is not considered a vulnerable waste site which can be evident due to experiencing less 
unscheduled in general. 
 
 
 
Figure 8: Remedial monitoring report for waste site RTN 3-0002060 (MassDEP, 2018) 
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Figure 9: Remedial monitoring report for waste site RTN 4-0012087 (MassDEP, 2018) 
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5.0 Recommendations for Promoting Clean Environmental 
Remediation 
We propose a series of recommendations to assist MassDEP in promoting renewable and 
more energy efficient systems to LSPs in charge of GWR systems. The recommendations and 
brief explanations for each recommendation follows. 
Recommendation 1: MassDEP should utilize collected material and data from 
this project to further investigate challenges LSPs may encounter with GWR 
Use our spreadsheet of component data and our collection of LSP-submitted reports to conduct 
more in-depth studies on GWR energy usage of individual sites 
Through the studies of the components of the systems, we learned that there are 
opportunities for LSPs to upgrade the less energy efficient models of the components. From our 
investigations of the phase IV reports and review of manufacturers` websites, we realized the 
possibility that the components of the current GWR systems were older, more energy-
consuming, and consequently more expensive to operate than the latest models available from 
the manufacturers. We also learned that manufacturers could help LSPs to upgrade the old parts 
of the systems. Therefore, we recommend MassDEP to inform LSPs that component 
manufacturers can potentially provide financial incentives and equipment upgrades. The 
limitation of this recommendation, however, is that the detailed information of the current 
remedial systems is not available to MassDEP. As a result, MassDEP is unlikely to identify the 
actual new models of the current system components 
 
Use the narrowed down BMPs as guidance to help LSPs make GWR systems greener 
According to various successful energy-efficient applications of BMPs, we observed that 
BMPs are not only applicable to current GWR systems, but may also be used as potential 
guidance for LSPs that will ultimately help them think of different approaches of reducing 
energy usage and cost. We recommend that MassDEP use existing BMPs to inform LSPs of the 
greener cleanup practices. Specifically, MassDEP can recommend the use of VFDs as a possible 
method for GWR system optimization. In addition, the BMP regarding efficient lighting 
exemplifies how BMPs can also help to reduce energy consumption in the whole remedial 
process. Both examples can be shown and promoted to LSPs, based on the research highlighted 
in our study. We provided evidence that VFDs can be effective tools for reducing overall energy 
consumption for the given system more efficiently by means of adjusting motor speed. Also, our 
research supports the usage of efficient lighting and several options available for optimizing 
energy usage in lighting fixtures to help reduce overall energy usage in remediation facilities. To 
help LSPs realize the value of BMPs to their remedial projects, MassDEP can use the B&M 
discussion from our study to demonstrate that BMPs are widely applicable and very possible for 
improving energy efficiency.   
 
The 7 vulnerable waste sites identified can be used as a starting point 
 If MassDEP decides to complete site-specific analyses within the 23-site universe, then 
we recommend that they start with the 7 sites we identified as vulnerable. Not only will it allow 
them to identify the risks that are involved in these specific GWR systems, it will also enable 
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them to promote renewables as a way to reduce system vulnerability and ultimately improve site 
resilience to climate change.  
 
Recommendation 2: MassDEP should utilize the available resources to 
promote renewable energy and energy efficient methods to LSPs and site 
managers. 
 
 LSPs and site managers can utilize the programs or the assistive tools to apply for rebates 
or cost deductions when upgrading to more energy efficient systems and completing solar panel 
installations. MassDEP should distribute information about these programs and applications to 
LSPs and site managers as a means of incentivizing or convincing them to utilize clean and 
efficient energy. Through investigation of these programs, LSPs and site managers can be more 
aware of greener remedy options and to be more knowledgeable on the financial benefits of 
adopting renewable energy. The programs we identified are: 
 
● The Solar Massachusetts Renewable Target (SMART) program 
● DOER Financial models (RPS Solar Carve-Out Program v1.0), and other models such as 
the Simple Project Viability Evaluation Model and Solar Energy Financial Model  
● The Database of State Incentives for Renewables & Efficiency (DSIRE) program 
● The MassSave: Performance Lighting Program and others 
 
Recommendation 3: MassDEP should consider promoting other renewable 
energy options for particular waste sites with different locations and available 
spaces. 
 MassDEP has considered promoting renewable energy applications specifically through 
solar panel installations on waste sites utilizing GWR systems. Because the scope of active waste 
sites has variations in available space and location, solar energy would not be viable for most 
waste sites. Though this is the case, other renewable energy applications are available for use on 
waste sites, such as wind power through turbines, and wind power can be utilized as an on or off-
site source of renewable energy (Sørensen, 2010). Because certain waste sites have small 
amounts of available space and are located near rivers or shorelines, it could be beneficial to 
install wind turbines as a renewable energy source. EPA factsheets showcase financial benefits 
and potential savings from utilizing different forms of renewable energy (Sørensen, 2010). We 
recommend that MassDEP investigate other forms of renewable energy and consider utilizing 
them based on a waste site’s available space, location, and other factors.  
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6.0 Conclusion 
We identified several key findings regarding the promotion of energy efficient and 
renewable methods for GWR systems. First, we identified various Best Management Practices 
(BMPs) and highlighted the potential opportunities for energy usage optimization that they offer. 
MassDEP can use these BMPs as a guide for LSPs to identify opportunities to make changes in 
their own sites. Furthermore, we found that the BMPs available are not limited strictly for 
improving GWR energy efficiency; rather, LSPs can also utilize the more general BMPs that 
address energy usage in overall site facility operations. We also concluded that there are energy 
efficient GWR components available through various manufacturers, who may also be able to 
provide incentives and recommendations for installing these components. However, each site has 
its own specific system design, utilizing various types, models, and configurations of 
components, with a varying range of efficiencies; so proposing recommendations to LSPs is a 
complex process. In regards to solar power consideration, we found that the promotion of 
renewable energy can be achieved through state-funded programs that grant rebates and aid for 
solar installations. However, solar energy may not be applicable to certain waste sites due to a 
wide range of considerations, such as time, cost, or space. 
The goal of promoting energy efficient and renewable solutions in GWR systems has 
proven to be complex and difficult, and there is still a lot of uncertainty to what LSPs will 
actually consider. However, the findings of this project provide MassDEP with a general idea of 
how LSP-provided data can be collected and analyzed so that opportunities for energy efficient 
or renewable solutions can be identified. Furthermore, this project has helped to reveal several 
issues that currently inhibit MassDEP from gaining a full understanding of GWR operations. 
Incomplete data and inconsistency in the reports submitted by LSPs in the MassDEP database 
limit how much MassDEP can actually discover about the remediation processes at these sites. 
From the data we analyzed, MassDEP can better understand what information is useful for 
energy efficiency and renewable energy analyses, and may aid in making data submission more 
consistent for future site assessments.  
By utilizing the recommendations and deliverables we have provided, MassDEP can gain 
a better understanding of the considerations that are involved in making GWR systems greener. 
Ultimately, our findings can help MassDEP to achieve the goal of reducing the environmental 
footprints that GWR processes currently are leaving behind. 
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7.0 Deliverables 
Upon the completion of our project, we sent our sponsor MassDEP a zipped file of 
deliverables containing our findings and recommendations. The highlighted deliverables include 
the following: 
 
● Remedial monitoring reports of each waste site (Appendix D): This includes the 
BWSC108 forms and Phase IV reports for the 23 identified waste sites 
 
● EPA factsheets that highlight different applications and financial benefits for renewable 
energy (Appendix B) 
 
● Spreadsheets that highlight which sites are vulnerable to flooding or storm surge 
(Appendix C) 
 
● Table of most applicable BMPs to waste sites utilizing GWR systems (Table in Findings 
Chapter) 
 
● Spreadsheet containing which components and models are utilized by each waste site’s 
GWR systems (Appendix E) 
 
● A spreadsheet that summarizes all the useful information of each waste site, including our 
vulnerability analysis, specifications of system components, and related model 
information of the components. 
 
 These deliverables are collection of materials including information about current GWR 
systems in the 23 sites, and opportunities that can then be utilized by MassDEP to promote the 
use of clean and efficient energy applications in the waste site remediation process. 
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Appendices 
Appendix A: Interview Questions 
 
Introduction: 
Hello ______, 
We are a group of students from Worcester Polytechnic Institute in Massachusetts (and 
we are working with the Massachusetts Department of Environmental Protection). Our project is 
intended to help MassDEP promote Greener Cleanups at sites with a specific focus on energy 
efficiency and renewable energy applications for groundwater recovery and treatment 
remediation systems.  
You are currently listed as the LSP-of-Record associated with Release Tracking Number 
_________. Would you be willing to answer a few questions about the Groundwater Recovery 
and Treatment System (GRTS) or Pump & Treat system currently operating in your site? 
This will take about 5~10 minutes and the interview is voluntary, your input will be kept 
confidential. 
 
General Questions:  
Objective 2: 
1) What is the energy source(s)? 
2) Is it costly to operate?  
3) Over the course of operation, has the system been modified/upgraded?  If so, for what 
reasons? 
Objective 3: 
4) How long has your system been operating? How long you estimate the system will be 
operating? 
5) Are you familiar with MassDEP’s 2014 Greener Cleanup regulatory provisions (310 
CMR 40.0191?)  If yes, how have you complied with it? 
6) Are you familiar with MassDEP’s 2014 Greener Cleanup Guidance document?  If yes, 
how have you used it? 
7) Are you familiar with ASTM’s Standard Guide for Greener Cleanups?  If yes, how have 
you used it? 
8) Are you familiar with Best Management Practice (BMP) applications for P&T sites?  If 
yes, how have you used it? 
 
Objective 2 Energy Efficiency  
9) Have you tried to do anything to reduce energy use in the P&T systems? 
a) Yes:  
i) (Why) What made you to do so? And incentives? 
ii) What did you do?  
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iii) What tools/materials/models did you use? What tools can we use to help 
reduce energy use in similar GWR systems as yours? (if they ask us, ask 
them to inquire a MassDEP agent) 
iv) On average, how much energy used to be consumed by the remediation 
system annually?  
v) How much energy use was reduced from the optimizing the system? 
b) No:  
i) (Why not) What are the barriers for you to considering using more energy-
efficient components? Cost? Professional knowledge? Performance? 
Time? Etc? 
ii) Do you think there are opportunities to reduce energy consumed by 
(P&T/GWR) system in your waste site, but you are just unable to do that 
because of the barriers? 
iii) Do you want to reduce the energy consumption by either improving or 
replacing some components in your system? Any possibilities? Any 
drawbacks? Why/Why not? 
 
 
Objective 3 Renewable Energy 
1) Do you have any backup power systems?  What are they?  How is the system designed? 
(e.g., duration can operate?  What can it operate?  How much fuel is stored onsite, if 
needed?) 
 
Based on our research, renewable energy (e.g. solar power) provide possible alternative to 
support the operation of P&T remediation systems in a handful of other waste sites, which may 
also be useful if there are power disruptions. We do have a couple of questions specifically on 
this idea if you would be willing to answer them. 
 
2) Have you considered implementing renewable energy, such as solar power, in your 
GWR systems? 
a) Yes:  
i) What were your incentives of considering solar power?  
ii) What challenges do you face with integrating or setting up solar panels to 
implement renewable (clean) energy into waste site remediation at this 
site?   /    What are the barriers that stopped you? 
(1) (financial) Funding is limited? The Return of Investment is low? 
The waste site remediation won’t take that long? Why/Why not?  
(2) (technical) Using solar power is technically infeasible (e.g. space)? 
Why/Why not? 
(3) Regulatory issues? 
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iii) Have you used any tools/materials/models that help to estimate renewable 
energy usage on-site?  
Are they helpful / What can be more helpful to you (financial model? 
energy calculator?) 
Is there any missing information or key points you might want to know 
about using renewable energy, i.e. solar power, in your waste site? Any 
uncertainties? 
 
b) No:  
i) Are you interested in using solar power? Why/Why not? 
What challenges do you face with integrating or setting up solar panels to 
implement renewable (clean) energy into waste site remediation at this 
site?   /    What are the barriers that stopped you? 
(1) (financial) Funding is limited? The Return of Investment is low? 
The waste site remediation won’t take that long? Why/Why not?  
(2) (technical) Using solar power is technically infeasible (e.g. space)? 
Why/Why not? 
(3) Regulatory issues? 
ii) Do you have any information you want to know about using renewable 
energy, i.e. solar power, in you waste site? Financial model? Energy 
calculator? 
3) What`s your opinion on the social influence of your current methods? Any threats or 
benefits? 
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Appendix B: List of 23 Waste Sites and their Locations 
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Appendix C: EPA Factsheet for Integrating Renewable Energy 
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Appendix D: EPA Factsheet for Pump and Treat Technologies 
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Appendix E: Vulnerable Waste Sites Spreadsheet 
 From the list of 23 waste sites and the data set of waste sites considered to be vulnerable, 
we created a spreadsheet that highlights which of these waste sites is vulnerable to flooding or 
storm surge. We were also able to use the same data set to determine if certain waste sites are 
actively running GWR systems. As shown below, we found 7 waste sites to be vulnerable to 
flooding or storm surge and 14 waste sites currently running GWR systems. 
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Appendix F: Remedial Monitoring Report Sample 
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Appendix G: Spreadsheet of GWR system components 
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